Simultaneous meas ure ments of heat capacity, electri cal resistivity, and he mi sp he ri cal total e mittan ce of van adium in the te mperature range 1500 to 2100 K by a subsecond duration , pul se heating techniqu e are described. Th e res ults are expressed by th e relations: Cp = 56.34-3.839 X 10 -' T + 1.563 X 10 -5 T'
Introduction
In this paper, application of a pulse heating technique to the simultaneous measurements of heat capacity, electrical resistivity, and hemispherical total emit· tance of vanadium in the temperature range 1500 to 2100 K is described.
The method is based on rapid resistive self:heating of the specimen from room temperature to high temperatures (above 1500 K) in less than one second by the passage of an electrical current pulse through it; and on measuring, with millisecond resolution, such experimental quantities as c urrent through the specimen, potential drop across the specimen, and specimen temperature. Details regarding the construction and operation of the measure ment system , the methods of measuring experimental quantities , and other pertin-ent information, such as the formulation of relations for properties, error analysis , etc. are given in earlie r publications [1, 2) 1.
In the following sections of this paper a new approach -tabular format -is adopted in presenting information on the specimen , measurements, system characteristics, results, and errors.
The reasons for adopting this format are: (1) to facilitate the preparation of manuscripts , (2) to standardize the contents of the papers on measurements using the present or similar systems in other laboratories, (3) to facilitate information retrieval by the reader, (4) to provide a means for efficient and accurate identification , coding, characterization, and data reduction by scientific and technical information centers, and (5) to ultimately lead to the computerized preparation of papers.
Measurements
The details regarding the vanadium specimen used in the present measurements are given in [3] . In all computations, the geometrical quantities are based on their room temperature (298 K) dimensions. *Imprec ision refers to th e standard deviation of an individual point as co mputed from th e difference be tw een measured value and that from th e s mooth fun cti on obtained by th e leas t squ ares met hod. **Inacc uracy refers to the esti mated total error (rand om and sys tema ti c).
Discussion
The heat capacity, electri cal resistivity , and hemis· pherical total e mittan ce of vanadium meas ured in this work are prese nted and compared grap hi cally with those reported in th e literature in fi gures 1,2 and 3, res pectively.
The heat capacity results of this work are approxi· mately 6-8 percent lower than those of Jaeger and Veenstra [5] and Fieldhouse and Land [6] , and are approximately 8 percent hi gh er than those of P eletskii et al. [7] over th e respective overlapping regions. The results reported in th e literature were for temperatures below 1900 K. In this work, the meas urements are 45,--,------,-------,-------,------,------ 
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1200 1600 2000 TEMPERATURE, K extended to 2100 K, which is approximately 90 K below the meltin g point of vanadium. The electrical resistivity res ults are in reasonably good agreement (maximum differences about 2%) with those reporte d by Harz et al. [8] and Peletskii et al. [7] . At 293 K , the observed electrical resistivity is approximately 3 percent higher than the value (21.02 X 10-8 0.. m) reported by Peletskii et al. [7] . In the range of the present measurements, vanadium showed a negative departure from linearity in the 0. 35 ,---,------,--------, ----,------,, --- temperature dependence of electrical reSIstIvIty. A similar behavior was previously noted for niobium [9] and tantalum [10] , which belong to the same group (V) on the periodic table. Considerable differences in hemispherical total emittance results of various investigators may be ex· pected due to the differences in specimen surface conditions. The difference of the present results from the extrapolated values of Horz et al. [8] is approxi· mately 6 percent.
Similar to the earlier results on other refractory metals [2, 9, 10, 11] obtained with the present measure· ment system, heat capacity of vanadium at high tern· peratures is considerably higher than the Dulong and Petit value of 3R. Some of this departure is due to Cp -C v and the electronic terms. However, they do not account for the entire difference. Heat capacity above the Debye temperature may be expressed by
where the constant term is 3R (24.943 J . mol -I. K -I), the term in T-2 is the first term in the expansion of the Debye function , the term in T represents Cp-C v and electronic contributions, and the quantity Ilc represents excess in measured heat capacity at high temperatures, which is not accounted for by the first three terms. The coefficients B (1.50 X 10 5 ) and C (4.86 X 10 -3 ) were obtained from heat capacity values at 270 K [12, 13] and at 1000 K. The value at 1000 K was estimated based on the extrapolation of the present work results and the low temperature results reported in the litera· ture [12, 13] .
Using the above equation and the heat capacity results of this work, the quantity Ilc was computed for temperatures above 1500 K. The results for Ilc in J. mol -I. K -I are: 1.8 at 1500 K, 4.2 at 1800 K, and 9.5 at 2100 K.
Although the mechanisms of vacancy generation become important at high temperatures, it was not possible to attribute the high heat capacity values entirely to vacancies. To demonstrate this, a crude estimate of the contribution of vacancies to heat capacity was made using the method described in a previous publication [2] . The results indicate that vacancy contribution would be small, approximately 0.03 J. mol -I. K -I at 1500 K and 0.5 J. mol -I. K -I at 2100 K, and would not account for the high heat capacity values. If the entire difference between measured and computed (using the first three terms in the above equation) heat capacities is attributed to vacancies , values of 1.1 eV for vacancy formation energy and 3.8 percent for vacancy concentration at the melting point are obtained. Both of these values, especially the concentration, seem to be unrealistic for vanadium.
The new format adopted in this paper has demon· strated the feasibility of concise yet complete and systematic documentation of measurements performed with the present system. For reasons enumerated in the Introduction, it is hoped that the approach of a standardized quasi·tabular presentation will find wide acceptance among the experimenters in the same and related fields .
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